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INTRODUCTION 

L i g n i t e  can be converted t o  c l e a n  f u e l s  and chemicals by r e a c t i n g  i t  wi th  hydro- 
gen i n  t h e  presence or  absence of  a hydrogen donor s o l v e n t .  The polymeric organic  
c o n s t i t u e n t s  of t h e  l i g n i t e  are cleaved p y r o l y t i c a l l y  t o  produce gases  and l i q u i d s .  
The r a t i o  of  gas t o  l i q u i d  which is produced depends on t h e  tempera ture ,  p r e s s u r e ,  
p resence  and type of s o l v e n t ,  t h e  use  of hydrogen and whether dry  o r  w e t  l i g n i t e  i s  
used.  The complexity of  t h e  l i q u i d  product  i s  a f u n c t i o n  of t h e  s e v e r i t y  of t h e  de- 
g r e e  of processing.  

A l k a l i e s  and o x i d i z i n g  a g e n t s  have been used (1) t o  s tudy  t h e  s t r u c t u r e  o f  d i f -  
The use  of milder  r e a c t i o n  con- f e r e n t  t y p e s  of c o a l s  a t  mi ld  process ing  condi t ions .  

d i t i o n s  minimizes r e a c t i o n s  between c o a b d e r i v e d  products ,  which produce a complex 
mixture  whose components have l i t t l e  resemblance t o  t h e  o r i g i n a l  l a t t i c e  s t r u c t u r e  
of t h e  c o a l  ( 2 ) .  While t h i s  approach can be used t o  r e v e a l  t h e  s t r u c t u r e  of c e r t a i n  
predominant moie t ies  i n  c o a l ,  t h e s e  reagents  f a i l  t o  completely depolymerize t h e  c o a l .  
The products  may a l s o  r e a c t  w i t h  each o t h e r  even though t h e  process  condi t ions  a r e  
mi ld .  

The r e a c t i o n  of l i g n i t e  a t  temperatures  less than 75OoF i n  t h e  presence of  hydro- 
gen and t e t r a l i n  produces a l i q u i d  mixture  conta in ing  a s u b s t a n t i a l  f r a c t i o n  of  a l i -  
p h a t i c  compounds. The chemical  n a t u r e  of t h e  products  r e l e a s e d  from t h e  l i g n i t e  i n t o  
t h e  t e t r a l i n  phase, t h e i r  s t r u c t u r a l  r e l a t i o n s h i p  t o  l i g n i t e ,  and a procedure f o r  
c h a r a c t e r i z i n g  t h e  r e a c t i o n  products  a r e  d iscussed  i n  t h i s  paper .  

EXPERIMENTAL 

Fresh ly  mined l i g n i t e  is ground,  s ieved  through a 10 mesh n e t  and used immediate- 
l y  t o  avoid  moisture  l o s s  and a i r  oxida t ion .  Technical  grade t e t r a l i n  is used a s  the  
hydrogen donor so lvent .  The r e a c t i o n  v e s s e l  is a 300 c c  a u t o c l a v e  without  t h e  s t i r -  
rer assembly. Eighty grams of l i g n i t e  s l u r r i e d  i n  69 grams of  t e t r a l i n  i s  t h e  normal 
charge t o  t h e  au toc lave .  The r e a c t o r  i s  f lushed  of  any t r a c e s  of oxygen and f i n a l l y  
hydrogen o r  helium i s  added a t  room temperature  t o  a p r e s s u r e  of approximately 1200 
p s i .  It t a k e s  about  30 minutes  t o  h e a t  t h e  r e a c t o r  wi th  t h e  charge t o  700°F. Both 
gas  and l i q u i d  samples are c o l l e c t e d  through t h e  sampling va lves  dur ing  t h e  course  of 
t h e  r e a c t i o n .  A t  t h e  end of t h e  r e a c t i o n  t h e  r e a c t o r  is cooled and t h e  p r e s s u r e  i s  
r e l e a s e d .  React ion condi t ions  are repor ted  i n  Table 1. 

The products  c o n s i s t  of a t e t r a l i n - r i c h  l i q u i d  phase,  a r e s i d u e  s a t u r a t e d  wi th  
t h e  t e t r a l i n - r i c h  l i q u i d ,  and a water-r ich phase. The t e t r a l i n - r i c h  phase c o n t a i n s  
l i q u i d  components der ived  from t h e  l i g n i t e  which a r e  s o l u b l e  i n  t e t r a l i n  and compo- 
n e n t s  which r e s u l t  from dehydrogenat ion of t e t r a l i n  due t o  hydrogen t r a n s f e r .  The 
s a t u r a t e d  r e s i d u e  c o n t a i n s  components i n  t h e  t e t r a l i n  and water phases, components 
i n s o l u b l e  i n  t e t r a l i n  and watersminera l  matter and unreacted l i g n i t e .  The t e t r a l i n -  
r i c h  l i q u i d  i s  analyzed by use  of g e l  permeation chromatography (GPC) and gas  chromat- 
ography (GC). 
of  a s o x h l e t  e x t r a c t o r .  The e x t r a c t  i s  concent ra ted  i n  a r o t a r y  evapora tor  t o  g ive  a 
s o l u t i o n  conta in ing  approximately 50% THF and 50% e x t r a c t .  
c o n t a i n s  t h e  same components p r e s e n t  i n  t h e  t e t r a l i n - r i c h  phase a s  wel l  as components 

The s a t u r a t e d  r e s i d u e  i s  e x t r a c t e d  wi th  te t rahydrofuran  (THF) by u s e  

The e x t r a c t ,  t h e r e f o r e ,  
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which a r e  i n s o l u b l e  i n  t e t r a l i n .  
GPC and GC. 

The e x t r a c t  p l u s  THF were then  analyzed by use o f  
The water - r ich  phase was not  analyzed.  

The GPC s e p a r a t i o n s  were done on a Waters Assoc ia te  Model ALC/GPC 202 Liquid 
Chromatograph equipped wi th  a re f rac tometer  (Model R 401) and a W d e t e c t o r .  A 
va lve  i n j e c t o r  is used t o  load  t h e  column wi th  t h e  sample. 
d i l u t e d  sample was used. Two 100 1 UStyragel columns ( 7 . 8  mm i d  X 30Chmn) were used 
through out  t h e  work. 
over  sodium w i r e  t o  ensure  t h a t  i t  i s  completely d r y  and devoid of  any peroxide  in- 
h i b i t o r ,  i s  used as t h e  GPC so lvent .  THF w a s  s t o r e d  under dry n i t r o g e n  and a l l  t h e  
s e p a r a t i o n s  were conducted i n  an anaerobic  atmosphere t o  prevent  t h e  formation of 
peroxides .  The t e t r a l i n - r i c h  phase and e x t r a c t  were separa ted  i n t o  t h r e e  f r a c t i o n s  
as s h o w  i n  Figure 1. 
molecular weight spec ies .  F r a c t i o n  2 was c a r e f u l l y  evaporated t o  remove THF from 
t h e  l i g n i t e - d e r i v e d  product .  
Frac t ion  3 conta ins  t e t r a l i n ,  t e t r a l i n - d e r i v e d  s p e c i e s  and low molecular  weight  s p e c i e s  
der ived  from t h e  l i g n i t e .  Frac t ion  3 is c o l l e c t e d  and analyzed by u s e  of GC which 
s e p a r a t e s  t h e  low molecular  weight . spec ies ,  t e t r a l i n  and t e t r a l i n - d e r i v e d  products .  

The gas  samples were analyzed by use  of  a f i v e  column, t h r e e  v a l v e ,  automated 

Genera l ly  a 2 0 0 ~ 1  of un- 

Reagent grade  THF which had been d i s t i l l e d  a f t e r  r e f l u x i n g  

Frac t ion  1 conta ins  most ly  c o l l o i d a l  carbon and some high 

The product  w a s  then  analyzed by GC and by GC-MS (3,4) .  

gas  chromatograph which is dedica ted  f o r  gas  a n a l y s i s .  The system is composed of a 
Carle GC and a H e w l e t t  Packard 33858 automation system. 

RESULTS AND DISCUSSION 

When t e t r a l i n  i s  used as t h e  s o l v e n t  i n  t h e  l i q u e f a c t i o n  of l i g n i t e ,  most of the  
l ign i te -der ived  products  a r e  s o l u b l e  i n  t h e  t e t r a l i n - r i c h  ( l i q u i d )  phase.  GPC can 
be used t o  s e p a r a t e  t h e  major c o n s t i t u e n t s  i n t o  t h r e e  f r a c t i o n s .  F igure  1 shows t h e  
separa t ion  obta ined  when 200pls of t h e  l i q u i d  product  a r e  i n j e c t e d  i n t o  t h e  GPC. The 
f i r s t  f r a c t i o n  is composed of s p e c i e s  wi th  b o i l i n g  p o i n t s  g r e a t e r  than  5OO0C as w e l l  
as c o l l o i d a l  carbon. This  f r a c t i o n  can be c o l l e c t e d  and analyzed by use  of NMR. 
Since most of t h e  high molecular  weight s p e c i e s  have a l i m i t e d  s o l u b i l i t y  i n  t h e  so l -  
vent system composed of t e t r a l i n  and t e t r a l i n - d e r i v e d  products ,  f r a c t i o n  1 r e p r e s e n t s  
only a s m a l l  p o r t i o n  of t h e  l i g n i t e - d e r i v e d  products .  
f r a c t i o n  2 r e p r e s e n t s  t h e  bulk of t h e  l i g n i t e - d e r i v e d  products .  F i g u r e  3 shows t h e  
separa t ion  of t h e  second f r a c t i o n  obta ined  by GC. Most of t h e  components are i d e n t i -  
f i e d  by GC-MS and l i s t e d  i n  Table  2 i n  t h e  o r d e r  t h a t  they appear  i n  t h e  chromatogram 
shown i n  F igure  3. The t h i r d  f r a c t i o n  i n  F igure  1 is  composed of  low molecular  weight 
l ign i te -der ived  products ,  t e t r a l i n ,  naphthalene,  d e c a l i n  and dihydronaphthlene.  A 
gas  chromatogram of t h i s  f r a c t i o n  i s  shown i n  F igure  2 .  

For a l l  p r a c t i c a l  purposes  

Comparision of t h e  gas  chromatograms shown i n  F igures  2 and 3 of  f r a c t i o n s  2 and 
3 r e v e a l s  t h e  success  of t h e  GPC s e p a r a t i o n  of t h e  l i g n i t e - d e r i v e d  products  from t h e  
so lvent  and i t s  r e a c t i o n  products .  The amount of t e t r a l i n  and t e t r a l i n - d e r i v e d  prod- 
u c t s  i n  f r a c t i o n  2 i s  i n s i g n i f i c a n t .  The l i g n i t e - d e r i v e d  products  wi th  b o i l i n g  p o i n t s  
c l o s e  t o  t h e  b o i l i n g  p o i n t  of t e t r a l i n ,  as w e l l  a s ,  compounds of molecular  s i z e  and 
weight comparable t o  t h a t  of t e t r a l i n  a r e  concent ra ted  i n  f r a c t i o n  2 .  The l i g n i t e -  
der ived products  are concent ra ted  i n  f r a c t i o n  2 because, (1) a l i p h a t i c  compounds of 
comparable molecular  weight are l a r g e r  i n  molecular  s i z e  r e l a t i v e  t o  t e t r a l i n ,  and 
( 2 )  t h e  p o l a r  compounds hydrogen bond wi th  the  GPC s o l v e n t ,  t e t r a h y d r o f u r a n ,  which 
increases  t h e i r  e f f e c t i v e  molecular  s i z e  r e l a t i v e  t o  t e t r a l i n .  
appear i n  f r a c t i o n  3 are r e a d i l y  separa ted  by gas  chromatography as shown i n  Figure 2 .  

Those products  which 

Since t h e  l i g n i t e - d e r i v e d  products  are concent ra ted  i n  f r a c t i o n  2 ,  GPC can b e  
used t o  monitor t h e  rate of l i q u e f a c t i o n  of  l i g n i t e .  F igure  4a-d i l l u s t r a t e  g e l  
permeation chromatograms of r e a c t i o n  samples which were c o l l e c t e d  a t  d i f f e r e n t  time 
i n t e r v a l s  dur ing  a l i q u e f a c t i o n  experiment. The GPC area r e p r e s e n t i n g  f r a c t i o n  2 
increases  w i t h  t h e  r e a c t i o n  t i m e .  As more l i g n i t e - d e r i v e d  products  a r e  produced t h e  
peak r e s o l u t i o n s  between f r a c t i o n s  1 and 2 a r e  l o s t  due t o  over loading  t h e  column 
with a 2 0 h l u n d i l u t e d  l i q u i d  sample. However, t h e  areas due t o  f r a c t i o n s  1 and 3 do 
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not  change. The formation of peaks i n  f r a c t i o n  3 is  due t o  a n o n l i n e a r i t y  i n  t h e  
r e f r a c t i v i t y  due t o  t h e  c o n c e n t r a t i o n  of t e t r a l i n  i n  THF. 
due t o  f r a c t i o n  2 wi th  an increase i n  l i g n i t e  der ived  concent ra t ion  i s  checked by 
o b t a i n i n g  GPCs of samples d i l u t e d  w i t h  t e t r a l i n  and wi th  THF. 
wi th  t e t r a l i n  y ie lded  chromatograms which show s e p a r a t i o n s  s i m i l a r  t o  F igure  4a.  
The sample d i l u t e d  w i t h  THF y i e l d e d  t h e  same p a t t e r n  f o r  f r a c t i o n  2 b u t ,  a l s o ,  
y i e l d e d  a s i n g l e  narrow peak f o r  f r a c t i o n  3 .  
i n  d i r e c t  p ropor t ion  t o  t h e  e x t e n t  of d i l u t i o n .  
t h e r e f o r e ,  does n o t  n e c e s s a r i l y  i n c r e a s e  wi th  t h e  r e a c t i o n  t i m e  o r  t h e  e x t e n t  of 
l i q u e f a c t i o n .  

The l i n e a r i t y  of t h e  a r e a  

The samples d i l u t e d  

The a r e a  due t o  f r a c t i o n  1 decreases  
The product  c o l l e c t e d  i n  f r a c t i o n  1, 

Monitoring t h e  r a t e  and e x t e n t  of  l i q u e f a c t i o n  by ana lyz ing  t h e  t e t r a l i n - r i c h  
phase by GPC i s  based on t h e  fo l lowing  assumptions:  (1) The t e t r a l i n  phase has  a 
homogeneous compostion throughout  t h e  system ( i . e .  t h e  t e t r a l i n - r i c h  phase i n s i d e  
t h e  porous s t r u c t u r e  of unreac ted  l i g n i t e  i s  t h e  same as t h a t  i n  t h e  bulk phase.) 
(2)  The t e t r a l i n  does n o t  b ind  wi th  t h e  l i g n i t e  l a t t i c e  t o  c r e a t e  a so lvent  
system wi th  d i f f e r e n t  s o l u b i l i t y  f u n c t i o n s .  ( 3 )  The m a j o r i t y  of t h e  l ign i te -der ived  
products  a r e  d isso lved  i n  t h e  t e t r a l i n - r i c h  phase.  Some p o l a r  compounds w i l l  d i s -  
s o l v e  i n  t h e  water - r ich  phase and o t h e r s  may be  only p a r t i a l l y  s o l u b l e  i n  t h e  t e t r a l i n  
and water phases. To de termine  t h e  d i f f e r e n c e  i n  t h e  composition of t h e  t e t r a l i n - r i c h  
phase and t h e  components conta ined  i n  t h e  porous s t r u c t u r e  of t h e  unreacted l i g n i t e ,  
t h e  products  c o l l e c t e d  by e x t r a c t i n g  t h e  s a t u r a t e d  r e s i d u e  wi th  THF were separa ted  
by GPC and f r a c t i o n  2 was analyzed by GC. The products  ob ta ined  a r e  shown i n  F igure  
5. The components conta ined  i n  f r a c t i o n  2 from t h e  t e t r a l i n - r i c h  l i q u i d  phase are 
shown i n  F igure  6. The r e l a t i v e  peaks of t h e  two gas  chromatograms i n d i c a t e  t h e  d i f -  
f e r e n c e  i n  concent ra t ion  of t h e  l i g n i t e - d e r i v e d  products  i n  t h e  t e t r a l i n - r i c h  phase 
and t h e  r e s i d u e  phase.  The r e l a t i v e  peak h e i g h t s  of  t h e  nonpolar  compounds i n  t h e  
chromatograms a r e  t h e  same, t h e r e f o r e ,  t h e  a n a l y s i s  of t h e  t e t r a l i n  phase may be used 
t o  e s t i m a t e  t h e  e x t e n t  of  l i q u e f a c t i o n  wi th  r e s p e c t  t o  t h e  nonpolar  components. 

The l i q u i d  products  produced due t o  primary r e a c t i o n s  between l i g n i t e  and t e t r a l i n  
may undergo f u r t h e r  chemical  rearrangement .  
r e a c t i o n s ,  t h e  l i g n i t e - d e r i v e d  products  were analyzed by GPC and GC a f t e r  a r e a c t i o n  
t i m e  of  7 hours .  The gas  chromatogram of f r a c t i o n  2 from t h e  GPC i s  shown i n  F igure  7 .  

The r e a l t i v e  i n t e n s i t y  of  t h e  a lkane  peaks i n  F igures  5,  6 ,  and 7 a r e  s i m i l a r .  

To determine t h e  e x t e n t  of secondary 

S ince  t h e  product d i s t r i b u t i o n  of  t h e  l i g n i t e - d e r i v e d  l i q u i d  does n o t  change f o r  
r e a c t i o n  t i m e s  ranging from a few minutes  t o  s e v e r a l  hours ,  i t  appears  t h a t  t h e  alkan-  
es and most of  the major  components do n o t  r e a r r a n g e  o r  undergo secondary r e a c t i o n s  
a f t e r  they  a r e  r e l e a s e d  from t h e  l i g n i t e  l a t t i c e .  Carefu l  examination of t h e  smaller 
nonalkane peaks r e v e a l s  t h a t  a few of  t h e  minor components have had a change i n  rel- 
a t i v e  peak h e i g h t s  and hence concent ra t ions .  
t i c i p a t i n g  i n  secondary r e a c t i o n s .  

These components a r e  undoubtly par- 

Some gas product ion always occurs  i n  t h e  l i q u e f a c t i o n  of l i g n i t e .  The composition 
of t h e  gas  phase as a f u n c t i o n  of r e a c t i o n  t i m e  i s  presented  i n  Table  3 .  The con- 
c e n t r a t i o n  of carbon d ioxide  reaches  a maximum v a l u e  a f t e r  a r e a c t i o n  t i m e  of  approx- 
imate ly  one hour and then s lowly  decreases .  The concent ra t ion  of hydrogen s u l f i d e  
fo l lows  a s i m i l a r  p a t t e r n .  
s t a n t  dur ing  the  e n t i r e  r e a c t i o n .  Product ion r a t e  of methane decreases  a f t e r  an 
i n i t i a l  surge  and t h e  product ion  r a t e  of  hydrogen appears  t o  be cons tan t .  
hydrogen product ion r a t e  and CO concent ra t ions  a r e  cons tan t  i t  appears  t h a t  t h e  follow- 
i n g  r e a c t i o n s  a r e  not major pathways f o r  t h e  product ion  of C02, CO and H2. 

The concent ra t ion  of carbon monoxide i s  e s s e n t i a l l y  con- 

S ince  t h e  

C + H20 + CO + H2 1) 

CO + H20 -t C02 + H2 

I 
I 
E 

T e t r a l i n  a c t s  a s  a hydrogen donor and a s  a so lvent  f o r  t h e  products  re leased  
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from l i g n i t e  i . e .  ' 
C10H12 + l i g n i t e  + C10H8 + l i g n i t e - d e r i v e d  products  + xH2 3) 

P y r o l y s i s  and d i r e c t  hydrogenation can a l s o ,  c leave  t h e  l i g n i t e  l a t t i c e  t o  produce 
t h e  products  l i s t e d  i n  Table  2 ( 3 , 4 , 5 ) .  The conversion of t e t r a l i n  t o  naphthalene as  
a funct ion.of  t i m e  i s  i l l u s t r a t e d  i n  F igure  8 by p l o t t i n g  t h e  r a t i o  o f  naphthalene 
t o  t e t r a l i n  a s  a f u n c t i o n  of r e a c t i o n  time. The e x t e n t  of t h i s  conversion i s  d i r e c t -  
l y  r e l a t e d  t o  t h e  amount of l i g n i t e - d e r i v e d  product  ob ta ined  i n  f r a c t i o n  2 from t h e  
GPC. 

The dehydrogenation of t e t r a l i n  t o  naphthalene appears  t o  be independent Of 
t h e  gaseous atmosphere i n  t h e  system. 
t h e  hydrogen requi red  f o r  l i q u e f a c t i o n  i s  provided by t h e  t e t r a l i n .  

Even when hydrogen i s  i n i t i a l l y  i n  t h e  system, 

CONCLUSIONS 

The condi t ions  used i n  t h e s e  experiments  were mild enough t o  prevent  bo th  exces- 
s i v e  gas  product ion due t o  h igh  temperature  p y r o l y s i s  and chemical  rearrangement  of  
products  re leased  d u r i n g  t h e  l i q u e f a c t i o n  process .  
gas  r e a c t i o n  i s  excluded,  t h e  product ion of carbon d ioxide  i s  due t o  t h e  carboxyl ic  
a c i d  groups present  i n  t h e  l i g n i t e  l a t t i c e  and a lkanes  c o n s t i t u t e  t h e  bulk of t h e  
l i g n i t e  l i q u e f a c t i o n  products .  The a lkanes  can be produced from l i g n i t e  by p y r o l y s i s ,  
by p y r o l y t i c  hydrogenat ion using hydrogen o r  hydrogen donor s o l v e n t s  a t  t h e  same 
temperatures  and p r e s s u r e s .  

Since t h e  p o s s i b i l i t y  of t h e  water 

Although p y r o l s i s  g ives  t h e  smallest y i e l d  and t h e  hydrogen donor s o l v e n t  system 
gives  t h e  l a r g e s t  y i e l d ,  t h e  r e l a t i v e  composition of a lkanes  i s  e s s e n t i a l l y  cons tan t .  
The l i g n i t e  l a t t i c e  c o n t a i n s  a lkane cha ins  i n  vary ing  l e n g t h s  and they  a r e  re leased  
dur ing  l i q u e f a c t i o n  without  f ragmentat ion.  The o t h e r  major products  l i s t e d  i n  Table 
2 a r e  a l k y l a t e d  a romat ics ,  akyla ted  indanes and a l k y l a t e d  phenols .  Some of t h e s e  
products  undergo secondary chemical rearrangements  dur ing  prolonged r e a c t i o n  t i m e s .  
L i g n i t e  i s  one of t h e  youngest members of t h e  c o a l  family and s t i l l  c o n t a i n s  i n t a c t  
some of t h e  o r i g i n a l  p l a n t  s t r u c t u r a l  s k e l e t o n .  Formation of t h e s e  l i g n i t e  s t r u c t u r a l  
c o n s t i t u e n t s  from wood l i g n i n  can be  e a s i l y  envis ioned.  
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Figure 1. GPC s e p a r a t i o n  of products  i n  t h e  t e t r a l i n - r i c h  phase.  1. C o l l o i d a l  
carbon and h igh  molecular  weight s p e c i e s ;  2 .  l i gn i t e -de r ived  products ;  
3 .  t c t r a l i n  and naphthalene and low molecular  weight s p e c i e s .  

Figure 2 .  
114" i d  x 3 ' S S  column a t  1 6 0 ° C  isothcrmal .  

F igu re  3 .  
114'' x 8 ' S S ;  temperature  p r o g r m :  80 - 2 7 0 ° C  a t  O.So/min. The p e a k s  were 
ident i f i . cd  by GC-MS a n d  arc . l i s t e d  i n  Table 2 .  

G a s  chromatogram of  f r a c t i o n  3 on a 10% SP2250 on 100/.1.20 supe lcopor t ,  

G a s  c h r o m a t o ~ r m  ( i f  f r a c t i o n  2 on a 10% SP2100 on 100/120 supe lcopor t  

II 
il 
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Figure 4 .  Gel permeacion chromatograms of 2OOp1 samples of tetralin- 
rich p h a s e  f r o m  r u n  1156 (reaction conditions are listed i n  Table I) 
at reaction times of a) 1 h r .  b) 1 l/2 h r s .  c )  2 hrs. and d) 7 hrs. 
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Fig. 5 
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Figure  5 .  
der ived  products a f t e r  2 h r s .  of r e a c t i o n .  GC c o n d i t i o n s  a r e  t h e  same a s  
i n  F igure  2 except  t h e  tempera ture  program of  80 - 250°C was 1.5"C/min. 
For peak i d e n t i f i c a t i o n ,  s e e  Table  2 .  

Gas chromatogram of  t h e  GPC f r a c t i o n  2 of t h e  e x t r a c t  of  l i g n i t e  

F igure  6. Gas chromatogram of  t h e  GPC f r a c t i o n  2 of t h e  t e t r a l i n - r i c h  
phase a f t e r  2 h r s .  of r e a c t i o n .  Figure 5 GC c o n d i t i o n s .  For peak i d e n t i -  
f i c a t i o n  s e e  Table  2.  

F igure  7 .  Gas chromatogram of t h e  GPC f r a c t i o n  2 of t h e  t e t r a l i n - r i c h  
phase a f t e r  7 h r s .  of r e a c t i o n .  GC c o n d i t i o n s  a r e  t h e  same as i n  Figure 5. 
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Fig. 8. Naphthalene to tetralin ratio in the tetralin-rich phase during 
lignite liquefaction process as a function of time. 

Table 1. Reaction Conditions of 
I I I I * 

100.0 1100 

.quefaction 

Max. 
Pressure 

4400 

5100 

5200 
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Temperature 

715215 

705515 

718515 



Peak No. 

1 
2 

6 
7 
8 

9 

10 

11 

12 

13 
14 

15 

16 
17 
18 

19 

20 

21 
22 

23 
24 

25 

Table 2 .  Identification of Major Compounds in GPC Fraction 2 

Compound 

Phenol 
1-Ethyl-3-methylbenzene 

and Decane 
o-Cresol 
p-Cresol 
n-llndecane and 
methylcresol 
o-Ethylphenol 
2,6-Dimethylphenol 
p-Ethylphenol 

p-Cymene 
ClZHZ6 and 1,3-Dimethylindan 

n-Dodecane and 
2-Methyl-6-ethylphenol 
3-Methyl-6-ethylphenol 

‘1ZH16 
3-Methyl-6-ethylphenol 

C13H28 and 
1,6-Dimethylindan 

1,Z-Dimethylindan 
n-Tr idecane 
C H (Methylated benzene) and 11 16 
C14H30 
n-letradecane 
Dimethylnaphthalene 
2,3-Dimethylnaphthalene 

C15H32 
n-Pentadecane 
Pentamethylindan 
C -Alkylindan 6 

Peak No. 

26 
27 

28 

29 
30 

3 1  

32 
33 
34 

35 
36 
37 
38 

39 
40 

4 1  

(r2 

43 
44 

45 

46  
47 

48 

49 

50 
51 
52 

53 
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Compound 

Trimethylnaphthalene (iso.) 

C16H34 and 
Trimethylnaphthalene (iso.) 
n-Hexadecane 
Diethyl methylnaphthalene 

C17H36 and 
Tetramethylnaphthalene 
n-Heptadecane 
Alkylated naphthalene 

‘1gH38 
n-Octadecane 

‘1gH40 

C19H40 
c19H40 
n-Nonadecane 

n-Eicosane 
n-Heneicosane 

n-Docosane 
n-Tricosane 

n-Tetracosane 
n-Pentacosane 
n-Hexacosane 
n-Hepacosane 
n-Octacosane 
n-Nonacosane 
n-Triacontane 
n-HentKiaCOntane 
n-Dotriacontane 
n-Tritricontane 

n-TetratKiaCOntane 


